Brush is an important component of white-tailed deer (OdocoiIeus virginianus Raf.) habitat. We determined the long-term effects of offset disking on canopy cover, density, and diversity of brush species browsed by white-tailed deer. In 1989, we sampled vegetation in untreated strips and strips disked in 1973 in Jim Hogg County, Texas. Strips disked in 1974-1975 were sampled in Duval County, Texas, in 1985. Brush density was used to calculate species richness, evenness, and Shannon's index. In Jim Hogg County, Texas pricklypear (Opuntia 1indheimeriEngelm.) density and canopy cover was greater in disked than in untreated strips. Density of other brush species was similar in disked and untreated strips. In Duval County, agarito (Berberis trjfoliuta MO&.) was the only brush species with lower density on disked (56 plants/ha) than on untreated (222 plants/ha) strips. Brush species richness and diversity were similar in the untreated and disked strips ln both study areas. Landowners should consider disking for managing brush if they want to maintain brush diversity and browse for white-tailed deer.
annual temperature is 23" C. The study site was on a 1,416ha ranch 42 km south of Hebbronville, Texas. About 70% of the study area consists of Copita soils of the Brennon-Hebbronville association, which are fine-loamy, mixed, hyperthermic Ustollic Calciorthids (Sanders et al. 1974) . Major woody plants include blackbrush acacia (Acacia rigidula Benth.), guajillo (A. berlandieri Benth.), and ceniza [Leucophyllum frutescens (Berl.) I.M. Johnston]. The ranch is grazed by cattle under a four-pasture one-herd grazing system with a stocking rate of 25 ha/animal unit.
The Duval County study area was on a 1,619-ha ranch 7 km east of Freer, Texas. Mean annual rainfall in Duval County is 59 cm and the mean annual temperature is 23O C. The study area is on the Gray Sandy Loam range site, which consists of deep, calcareous, fine sandy loam or clay loam (SCS, Benavides, Texas, unpublished) . Major woody plants include honey mesquite (Prosopis glandulosa Torr.), spiny hackberry (Celtis pallida Torr.), and capul (Schaefferiu cuneifoliu Gray). The ranch is grazed by cattle at 12 ha/animal unit with pastures periodically deferred.
Methods
Strips of brush in the Jim Hogg County study area were disked in 1973 with a 3.7-m-wide, heavy offset disk. Disk blades were 91.4 cm tall and 1.9 cm thick. Disked strips were 2.9 km long and 88-97 m wide and were separated by untreated strips varying from 100 to 127 m wide. Buffelgrass (Cenchrus ciliuris L.) was planted at the time of disking. Woody vegetation and cacti were sampled in spring 1989 using twenty lo-m-long transects in each of 3 disked strips and in adjacent untreated strips.
Strips of brush in the Duval County study area were disked with a 3.7-m-wide, heavy offset disk with 121.9-cm-tall blades in August-September 1974 and March-April 1975 . Buffelgrass and kleingrass (Panicum coloratum L.) were planted in the strips. The disked strips ranged from 305 to 457 m long and 29 to 78 m wide. The maximum distance between disked strips was 4 km. Brush was sampled in fall 1985 using four 20-m transects in each of 6 disked strips and in adjacent untreated strips.
Transects were placed in disked strips and adjacent untreated strips using a stratified random method (Knight 1978: in Chambers and Brown 1983) . Percent canopy cover of woody species and cacti was determined using the line intercept method (Canfield 1941) . Brush density was determined by counting individual plants rooted in I-X 10-m (Jim Hogg County) or 1.5-X 20-m (Duval County) plots along each transect.
Brush density was used to calculate brush species richness, Shannon's diversity index, and evenness (Pielou 1977) . Data were analyzed using paired t-tests (Steel and Torrie 1980) with n = 3 for the Jim Hogg County study area and n = 6 for the Duval County study area.
Results and Discussion
Total brush canopy cover in the untreated (88 f 3%) (X f SE) and disked (73 f 8%) strips at the Jim Hogg County site was similar (P = 0.09). Total brush density in the untreated (15,333 f 721 plants/ha) and disked (18,383 f 1,227 plants/ha strips was also similar (P= 0.15). Total brush density was similar (P= 0.46) in untreated (14,611 f 1,872 plants/ ha) and disked strips (12,556 f 2,103 plants/ ha) at the Duval County site, but total cover was greater (P= 0.007) in the untreated (101 f 6%) than disked strips (61 f 8%). Steuter and Wright (1980) found that brush canopy cover >6% is optimal for use by white-tailed deer during summer. Thus, canopy cover in the disked strips in the Jim Hogg County and Duval County study areas was within the optimal range 16 and 10 years after treatment, respectively.
Total density of high-value browse species was higher on disked strips than on untreated strips in Jim Hogg County (Table 1) . In Duval County, total canopy cover of excellent-value woody browse was greater on untreated strips (Table 2) . Guajillo (in Jim Hogg County) and guayacan (Porlieria angustifolia Engelm.) (in Duval County) had lower canopy cover on disked than on untreated strips. Canopy cover and density of Texas pricklypear (Opuntia lindheirneri Engelm.), a high-value browse plant, was greater on disked than untreated strips in Jim Hogg County (Table  1) . Pricklypear density may increase following other mechanical treatments, such as root plowing and chaining (Dodd 1968) . Canopy cover and density of other excellent and high-value browse were similar on untreated and disked strips.
Canopy cover and density of moderately valuable woody browse species were similar on untreated and disked strips, except capul, Brush species richness and diversity were similar (p>O.OS) on untreated and disked strips. In Jim Hogg County, the average number of species per strip was 23 f 0.7 on disked and 23 f 1.5 on untreated strips. Shannon's index and evenness were 1.09 f 0.02 and 0.8 1 f 0.01 on disked strips and 1.13 f 0.03 and 0.83 f 0.01 on untreated strips. In Duval County, average brush species richness, Shannon's index, and evenness were 17 f 0.7,1.02 f 0.04, and 0.83 f 0.02 on untreated strips and 15 f 0.7,0.95 f 0.02, and 0.82 f 0.02 on disked strips, respectively.
Density of spiny hackberry, guayacan, guajillo, and other browse plants of high value for white-tailed deer is lower on root-plowed rangeland than on untreated range 20-30 years posttreatment (Fulbright and Beasom 1987) . Brush species richness and diversity are also lower on root-plowed rangeland. The minimal effect of disking on browse species density, richness, and diversity probably resulted because the disk does not penetrate deeply enough to kill woody plants with deep bud tissues (Welch et al. 1985) . Also, many plants may reestablish root systems if the soil is sufficiently moist when disked. In comparison, root plows sever woody plants 20-30 cm below the soil surface and kill most brush species.
Landowners may prefer disking over root plowing if they want to increase grass production (Drawe 1977) without causing alongterm decrease in browse density and species richness. Projected over the effective life of the treatment, disking may be more expen-sive than root plowing. The estimated cost of root plowing is about $11 l/ha and projected suppression of brush is about 13 years (K.M. Black, SCS, Area Range Conserv., Alice, Texas, personal commun.). Disking with a 91-cm disk costs about $99/ha, with projected suppression of brush about 5 years. 
